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Diabetic nephropathy (DN) is the most serious microvascular complication of diabetes and the largest single cause of end-stage
renal disease (ESRD) in many developed countries. DN is also associated with an increased cardiovascular mortality. It occurs as a
result of interaction between both genetic and environmental factors. Hyperglycemia, hypertension, and genetic predisposition are
themajor risk factors. However, the exact mechanisms of DN are unclear. Despite the benefits derived from strict control of glucose
and blood pressure, as well as inhibition of renin-angiotensin-aldosterone system, many patients continue to enter into ESRD.
Thus, there is urgent need for improving mechanistic understanding of DN and then developing new and effective therapeutic
approaches to delay the progression of DN.This review focuses on recent progress and future perspective about mechanistic insight
and management of DN. Some preclinical relevant studies are highlighted and new perspectives of traditional Chinese medicine
(TCM) for delaying DN progression are discussed in detail. These findings strengthen the therapeutic rationale for TCM in the
treatment of DN and also provide new insights into the development of novel drugs for the prevention of DN. However, feasibility
and safety of these therapeutic approaches and the clinical applicability of TCM in human DN need to be further investigated.

1. Introduction

Diabetic nephropathy (DN) is a major complication of
diabetes and the largest single cause of end-stage renal disease
(ESRD) in many developed countries. DN is also associated
with an increased cardiovascular mortality. Immunologic
derangement is the cornerstone of pathogenesis of CKD
[1]. Of course, both primary kidney disease and secondary
kidney disease dwell in this process, including DN [2]. DN is
the most serious microvascular complication of diabetes and
the largest single cause of ESRD inmany developed countries.
DN is a usual cause of ESRD in regions in which the avail-
ability of renal replacement therapy (RRT) is limited [3]. The
global prevalence of diabetes is growing rashly and rapidly,
especially in developing countries. Furthermore, regardless of
the underlying causes of DN, the multitudinous treatments
of DN do not apparently reduce its substantial morbidity
and mortality and overspent disproportionate heath care
expenditure and are conducted as a tremendous socioe-
conomic burden on society [4]. Therefore, there is urgent
need for improving mechanistic understanding of DN and

then developing new and effective therapeutic approaches to
delay the progression of DN. This review focuses on recent
progress and future perspective about mechanistic insight
and management of DN.

2. The Epidemiology of DN

2.1. DN in General. DN is one of the most frequent and
severe complications of diabetes mellitus and a worldwide
public health problem affectingmillions of people. Currently,
based on the criteria of the kidney disease, Improving Global
Outcomes (KDIGO) Clinical Practice Guideline, DN was
diagnosed by renal biopsy or medical history [5]. DN is the
largest single cause of ESRD in many developed countries
and will continue to be the leading cause of death in
diabetes mellitus [6, 7]. According to the data of American
Diabetes Association, diabetes mellitus has a major impact
on the development of DN. DN occurs in 20% to 40% of
all patients with type 2 diabetes mellitus, accounting for
approximately 50% of cases in the developed countries [8, 9].
In short, counting on the undiagnosed patients who do not
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Table 1: Studies about reported new future therapies of DN.

Study/year Design/numbers Race Endpoints

Irannejad et al., 2016 [10]

Retrospective single-center analysis, serum nesfatin-1
in patients, included 44 adult patients with type 2
diabetes and microalbuminuria and 44 control patients
with type 2 diabetes and normoalbuminuria

Asians
Peripheral nesfatin-1 levels are markedly
elevated in patients with type 2 diabetes
and microalbuminuria

Katayama et al., 2016 [11]
Prospective multicenter-randomized analysis, the
efficacy and safety of seven once-daily oral doses of
finerenone, included individuals: 96

Asians
Finerenone reduced albuminuria without
adverse effects on serum potassium levels
or renal function

Fouad et al., 2016 [12]
Retrospective single-center analysis, the relationship
between serum uric acid and hypertension in DN,
included individuals: 986

Caucasians Serum uric acid level may identify and
link with the onset of hypertension in DN

Machingura et al., 2017
[13]

Prospective cross-sectional analysis, prevalence of and
factors associated with DN in Zimbabwe, included
individuals: 344

Blacks
Prevalence of DN is higher in type 1 and
type 2 diabetes mellitus patients than
previously reported in Zimbabwe

Perkowska-Ptasinska et
al., 2016 [14]

Retrospective multicenter analysis, biopsy based data
from 14 renal centers in Poland, included individuals:
352

Caucasians
The relatively high prevalence of
potentially curative kidney diseases of
renal biopsy in these patients

Kaidonis et al., 2016 [15]

Prospective multicenter analysis, the single nucleotide
polymorphism (SNP) rs2910164 residing within
microRNA-146a (miR-146a) is associated with DN,
included individuals: 890

Caucasians Rs2910164 is significantly associated with
microvascular complications DN

Li et al., 2015 [16]

Prospective multicenter randomized analysis, the
additional benefit and safety of the Chinese herbal
granule Tangshen Formula (TSF) in treating DN,
included individuals: 180

Asians TSF appears to be a safe therapeutic
treatment for DN patients

yet realize their condition, the overall prevalence of DN is
unoptimistic. Particularly, Table 1 summarizes selected stud-
ies that evaluated DN incidences and outcomes in diabetic
nephropathy patients and also are related to the topic [10–16].
American Diabetes Association accurately defined diabetes
mellitus as “a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion,
insulin action, or both” [17]. And it is dreadful because of the
complications including long-term dysfunction and failure of
different organs.

2.2. DN in China. The prevalence of DN has been dra-
matically increased in recent decades; especially in China,
the adjusted prevalence of diabetes mellitus and prediabetes
among Chinese adults is 9.7% and 15.5%, respectively [18, 19].
In China, DN is growing at an alarming rate. A national
survey which started by Peking University Institute of
Nephrology indicates that China is suffering from afflictions
associated with increasingly unhealthy diets and obesity.
Besides a rise in the incidence of diabetes, the growth rate of
CKD has been surpassed in the United States, although the
number of Chinese citizens with CKD dwarfs the number
in the United States [20]. The situation of China on the
whole is that, owing to the lack of financial and clinical
resources, as well as inequalities in access to across all regions
and populations, the prevention and management of DN is
unfulfilled in the last few decades. But with the advocacies
and endeavors of the government and the Chinese Society of
Nephrology (CSN) increases, the high efficiency health care
system has covered almost all the population, and patient
care and medical education in the field of DN have been

greatly improved in the past years [21].The currently available
treatment improves the conditions of DN patients but still
cannot completely stop the progression of DN to ESRD.
Therefore, there is an urgent need for the development of
novel therapeutic approaches for the treatment of DN.

3. The Pathophysiological Process of DN

DNoccurs as a result of interaction between both genetic and
environmental factors. Hyperglycemia, hypertension, and
genetic predisposition are the major risk factors. The aggra-
vating hyperglycemia is also a high risk factor for the devel-
opment of microvascular complications [22]. In other words,
patients with diabetes mellitus tend to have increased the risk
of developingmicrovascular complications, especially organs
with arterioles and microvessels, such as eyes and kidney,
which causes horrible retinopathy and nephropathy [23].The
pathogenesis of the microvascular complications of diabetes
mellitus is not yet fully understood, but hyperglycemia always
acts as an initiating and sustaining factor to continuously
damage target tissues and organs. Tissues susceptibility
increases as a result of significant microvasculopathy and of
interstitial inflammation. Because kidney is an organ with
high bioenergetic needs, hyperglycemia with its glucotoxicity
makes arterioles and microvessels hyaline degeneration and
fibrinoid degeneration which seems to be triggering a vicious
cycle and causes damage to renal mitochondria resulting in
bioenergetic deficit of renal tubular epithelial cells [24].

Podocyte damage occurs at a relatively early stage in
CKD [25]. Podocyte is a terminal differentiated glomerular
epithelial cell which locates the outside of the glomerular
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basement membrane (GBM) and as the final barrier of
glomerular filtration barrier, podocyte leads a crucial role
in establishing the selective permeability of the glomerular
filtration barrier [26, 27]. Severe podocyte injury could
appear in DN, especially the fusion of podocyte foot pro-
cesses (FPs). Such phenomenon may explain why podocyte
injury is typically associated with marked proteinuria in DN
[28]. Furthermore, in the research of multiphoton excitation
fluorescence microscopy of the filtration barrier, they have
further visualized a new information on intact podocyte and
also provided an additional multiphoton evidence for the
glomerular origin of proteinuria by imaging themorphologic
and functional consequences of localized podocyte damage
using the experimental model of FSGS and localize the areas
of podocyte damage [29].Hence, the concept of podocyte loss
or detachment as an important factor in the glomeruloscle-
rotic process in diabetes is well documented. The promise
of this new insight is the development of new and effective
strategies for the prevention and treatment of DN.

4. Prevention and Management of DN

4.1. The Present Therapies. The management of diabetes
mellitus hinges on “five carriages,” which are health edu-
cation, diet, exercise, weight control, and drug treatment,
respectively, of which the former four therapies are described
as nonpharmacological measures. And the pharmacological
agents currently approved for treatment of diabetes mellitus
include sulfonylureas, metformin, acarbose, and insulin [30].
Nonpharmacological measures are critical to the early stages
of diabetes mellitus, but people who often ignore the impor-
tance of nonpharmacological measures are often ignored,
while pharmacologicalmeasures are themost frequently used
therapies at this stage and the goal would be to have a
drug ameliorate or correct both of these abnormalities in
the patient with diabetes mellitus. Fortunately, multitudinous
research continues to furnish advanced understanding of
the pathophysiology and outcomes of this disease, which
could help patients to change views and to control diabetes
mellitus better with proper diet, applicable exercise, and
advisable weight control [31]. All of these are the principles of
management of diabetes; management of DN could be fit for
the same principles. Now, the principles of the management
of DN could be summarized in three parts: glycemic control,
management of proteinuria, and intervention of merging
symptoms.

4.1.1. Glycemic Control. There is no doubt that glycemic
control plays the most momentous role in management of
DN; keeping blood glucose within normal limits is a foun-
dation and prerequisite for the treatment of DN [32]. Several
studies have indicated that a close relationship has been
established between poor glycemic control and microvas-
cular complications, including DN [33]. And many studies
have confirmed that strict glycemic control could generate
a beneficial effect to slow down the progression of DN and
significantly decrease albuminuria in trials [34]. According to
many previous studies, patients with diabetes mellitus have
been shown to have defects in sensitivity of target organs

and tissues to insulin and to relatively inadequate insulin
output [35]. Based on these, there are two ways to correct
hyperglycemia: one is increasing sensitivity of target organs
and tissues to insulin and another is stimulating insulin
secretion, corresponding to the clinical commonly used first-
line drugs thiazolidinediones of which representative drug
is troglitazone and sulfonylureas, respectively. Troglitazone
is an antidiabetic antihyperglycemic agent; tons of research
of troglitazone have been studied for more than a decade
[36]. As one of the only commonly used drugs, troglitazone
exploits tissue sensitization to insulin as themainmechanism
of action and exert a furthersome effect on 𝛽-cells function
of pancreatic island [37, 38]. Hence, the risks of diabetic
complications could be reduced. Secondly, the sulfonylureas
have been regarded as the primary drug for treatment of
diabetes mellitus for decades, and the dominating function of
sulfonylureas is stimulate insulin secretion by 𝛽-cells of pan-
creatic island [39]. Moreover, sulfonylurea therapies could
lower the blood glucose levels and raise plasma insulin levels
in the untreated patients with diabetesmellitus and postpran-
dial blood glucose levels and low plasma insulin levels [40].
Sulfonylureas augment insulin secretion has no direct actions
on insulin sensitivity which is totally different with thiazo-
lidinediones [41]. In addition, there are two types of drugs
commonly used in daily clinical aside from thiazolidine-
diones and sulfonylureas, metformin, and acarbose. They
are distinguished very effectively in lowering blood glucose
in patients with diabetes mellitus with minimal side-effects;
besides, studies have found that metformin also could exert
renoprotective properties owing to its multieffects on multi-
ple signaling pathways apart from its use as an antidiabetic
drug [42–44]. Taken together, despite the benefits derived
from strict control of glucose,many patients continue to enter
into ESRD.Thus, there is urgent need for the development of
new and effective therapeutic approaches to prevent DN.

4.1.2. Management of Proteinuria. Proteinuria is considered
as a hallmark and sensitive marker of DN, which is mainly
caused by the severe podocyte injury [45]. But what could
we do to deal with proteinuria in clinic now? Conven-
tional angiotensin converting enzyme inhibitor (ACEI) or
angiotensin receptor blocker (ARB) is recommended for the
management of DN, especially for patients of DN with high
blood pressure [46]. They blocked the renin-angiotensin-
aldosterone system (RAAS) pathway, which is the most
important component in the development and progression of
DN [47]. In addition, a breakthrough of emerging evidence
shows that the use of mineralocorticoid receptor blockers
(MRB) in combination with ACEI or ARBs might have
benefits on proteinuria [48]. In conclusion the long-term
clinical use ofACEI orARBhas been proven safe and effective
but still needs to be used with caution in those with decreased
renal function, especially with severe kidney failure.

4.1.3. Intervention of Merging Symptoms. At the same time,
many patients of DN still show merging symptoms, such
as dyslipidemia and hypertension. Poorly controlled blood
glucose levels in patients with DN are associated with
dyslipidemia which constitutes an additional risk factor.
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Dyslipidemia consists of elevated levels of low density
lipoprotein cholesterol and low levels of high-density lipopro-
tein cholesterol and increased levels of apolipoproteins B [49].
In view of this, statins, 3-hydroxy-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitors, are recommended for
DN with normal low density lipoprotein levels as well and
have a major role in preventing another long-term complica-
tions in diabetes mellitus [50]. Fortunately, these abnormal-
ities could also be improved by favorable control of blood
glucose levels [51]. Hypertension is a common comorbidity
usually following the development of DN, several multiple
prospective randomized placebo-controlled trials demon-
strate that tight blood pressure control among patients with
DN could decrease the rates of macrovascular complications
as well as microvascular complications [52]. Given the patho-
genesis and clinical symptoms of DN with hypertension,
ACEI or ARB therapies could slow nephropathy progression
which means that the hallmark of very high proteinuria of
DN could have a great relief while restoring kidney function
in the meantime [53]. Hopefully, new therapeutic strategies
and directions of these present therapies could be explored
through our unremitting efforts with the advance in the
understanding of DN.

5. The Future Therapies of DN

Cutting-edge evidence shows that there are certain trends
of the future therapies for DN, including comprehensive
exploration of existing medicines, application of molecular
biology discoveries, progress in stem cell therapy, and the
applicability of traditional Chinese medicine (TCM) in the
treatment of DN.

5.1. Comprehensive Exploration of Existing Medicines. As
mentioned previously, The RAAS pathway is very important
in the progression of DN. Several studies indicate that the
combination of spironolactone with an ACEI or ARB could
significantly mitigate proteinuria compared with the placebo
[47, 54]. Furthermore, there are evidences which indicate that
lack of a vitamin D receptor (VDR) which is a member of the
nuclear receptor superfamily and acts as an ordinary nuclear
receptor hormone could directly but not exclusively regulate
gene transcription, resulting in the induction or suppression
of vitamin D target genes which resulted in an increase in
RAAS activity and significant proteinuria [55, 56], which
means 1,25(OH)2D3 that exert renal protective effects and
might involve suppression of renin gene transcription as well
as high glucose-induced angiotensinogen production [57]. By
theway, research reported that 1,25(OH)2D3 could reduce the
hypercorrection of fibroblast growth factor 23 (FGF23) level
which is also a risk factor for the progression of DN and could
damage podocyte [58]. These studies strongly supported
the recommendation of vitamin D supplementation for the
prevention and management of DN.

5.2. Application of Molecular Biology Discoveries. Studies
performed have discovered several key signaling pathways
in succession, such as endoplasmic reticulum (ER) stress,
which already have become a therapeutic target of much

concern for DN [59]. Besides, there are researches of the
glucagon-like peptide-1 (GLP-1) which are secreted by the
intestinal enteroendocrine cells in response to ingestion of
various nutrients showing that GLP-1 can bind to 𝛽-cell
receptors, stimulate insulin release, and improve glycemic
control and then play a protecting role in management of
DN [60]. Molecular biology has a great development in
decades, especially in the 21st century; in recent years, studies
of nuclear factor kB (NF-kB) which has been postulated in
many immune systems and inflammation are on fire. NF-
𝜅B is a ubiquitous nuclear transcription factor that regulates
expression of a large number of genes that are critical for the
regulation of inflammation [61]. The concrete mechanisms
are that NF-kB promotes the expression of a number of
genes involved in inflammation, such as cytokines, and
activates apoptosis process, and might be able to translate the
therapeutic potentials for DN into reality [62].

5.3. Progress in Stem Cell Therapy. Stem cells that are iden-
tified nearly half a century ago exhibited great potential for
the repair of damaged tissues and organs and provided new
hope for a means to change the track of DN [63]. Multiple
preclinical studies have demonstrated that the innovative
stem cell therapy could also be used in kidney, such as the
using of mesenchymal stem cells (MSCs) of late years [64].
MSCs are undifferentiated cells capable of self-renewal and
multilineage differentiation. Interestingly, the administration
of MSCs could prevent renal injury and promote renal
recovery through a series of complex mechanisms and on
account of the therapeutic potentials. Therefore, MSCs are
being evaluated as a possible member in treatment of DN
[65]. Apoptosis of stem cells is likely to promote eventual
manifestation of kidney failure in diabetes mellitus [66].
Furthermore, the present study shows reductions in subsets
of stem cells in peripheral blood and renal cell preparations
of db/db mice which is a model of DN, which indicates
that the decrease of stem cells might be a hallmark of DN
[66, 67]. MSC transplantation is a promising therapeutic
strategy to delay DN progression in animal models; however,
the clinical trials should be performed to investigate the safety
and efficacy ofMSC transplantation in patients withDN [68].
Overall, stem cells could be used as an early diagnosis marker
of DN and have a tendency to play much more important
roles in the future.

5.4. Further Research about Traditional Chinese Medicine
(TCM). TCM has long histories in China and has emerged
and influenced hundreds of thousands of people. Historically,
conventional medicines, such as ACEI or ARB, are not able
to totally prevent the development of DN [16]. Thus, there is
an urgent need to find new effective agents to delay the pro-
gression of DN. TCM could produce prominent effects and
there are several expert consensuses and recommendations
for the treatment of CKD by improving proteinuria, such as
Tripterygium and Emodin [69, 70]. Nowadays, an increasing
understanding and popularity of TCM caused great interests
in lots of diseases on its efficiency and mechanisms by the
spring up of molecular biology, especially the application
of Ultra Performance Liquid Chromatography (UPLC) and
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mass spectrometer which could analyze the active ingredients
of TCM and manifest herbal medicine as western medicine.
For the past few years, notoginsenoside R1 could retard DN
by ameliorating podocyte adhesion through 𝛼3𝛽1 integrin
upregulation and astragaloside IV could inhibit podocyte
apoptosis by downregulation of PERK-ATF4-CHOPpathway
[71, 72]. Furthermore, there is a present study that aimed to
evaluate the effect of ARB combined with Chinese formula
Qidan Dihuang Grain (QDDHG) in improving proteinuria
of patients of DN [73]. Yiqi Yangyin Huoxue Method is also
a valid complementary and alternative therapy in the man-
agement of diabetic nephropathy, especially in improving
UAER, serum creatinine, fasting blood glucose, and beta-2
microglobulin [74].These findings strengthen the therapeutic
rationale for TCM in the treatment of DN and also provide
new insights into the development of novel drugs for the
prevention of DN. However, the clinical applicability of TCM
in human DN needs to be further investigated.

6. Controversy in Current Therapy of DN

It is a long time that the relationship between hypertension
and DN has been the subject of controversy, and after
diabetesmellitus, hypertension is the secondmost commonly
reported etiology of ESRD in the United States Renal Data
System, and hypertension treatment targets in patients with
DN remain important clinical concerns [75]. Recent study
demonstrated that the association between the renin gene
polymorphism and the risk for developing DN in patients
with type 1 diabetes may solve this problem in the future
[76]. Angiotensin converting enzyme inhibitors (ACEIs) and
angiotensin II receptor antagonists (ARB) are widely used
in DN; however, blockage of the rennin-angiotensin system
may not completely delay disease progression. Thus, there
are high priorities to develop new and effective therapeutic
approaches to prevent the progression of DN.

7. Conclusions

Despite the benefits derived from strict control of glucose
and blood pressure, many patients continue to enter into
ESRD. Thus, there is urgent need for improving mechanistic
understanding of DN and then developing new and effective
therapeutic approaches to delay the progression of DN.Many
studies strengthen the therapeutic rationale for TCM in the
treatment of DN. However, feasibility and safety of these
therapeutic approaches and the clinical applicability of TCM
in human DN need to be further investigated.
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Jonsson, “Circulating concentration of FGF-23 increases as
renal function declines in patients with chronic kidney disease,
but does not change in response to variation in phosphate intake
in healthy volunteers,” Kidney International, vol. 64, no. 6, pp.
2272–2279, 2003.

[59] C. Fligny, M. Barton, and P.-L. Tharaux, “Endothelin and
podocyte injury in chronic kidney disease,” Contributions to
nephrology, vol. 172, pp. 120–138, 2011.

[60] L. L. Baggio and D. J. Drucker, “Biology of incretins: GLP-1 and
GIP,” Gastroenterology, vol. 132, no. 6, pp. 2131–2157, 2007.

[61] M. M. Sousa, S. D. Yan, D. Stern, and M. J. Saraiva, “Interaction
of the receptor for advanced glycation end products (RAGE)
with transthyretin triggers nuclear transcription factor kB (NF-
kB) activation,” Laboratory Investigation, vol. 80, no. 7, pp. 1101–
1110, 2000.
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